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Working & backup physical path
for each logical link
Outputs:
Amount of BEP carriable
Ê6ª>lmÔ>ÕÞßW|A{*Ñ Ö KQ>*Qkì|Q­ÌrµlbyzhF|A
Kw·lb8QFµ³qh{*hºQloQzy8|Q­0yzhFlohAwaxª{QÉ £×Ö r©ÍKw·lHå¸8g|²l1{blQé!³´loxy*Qylox|}kml
lH¶Fªyz|}Fx|Q­Ì²}xz{8ylbzkmx¸ £ l#Fxl#yzhFllHæIl-xxz|}º¾ÏÃ 'YÇ&>¾¹¾  y|~lH­Ëlby|m~xzª>l8ªªÑ


















gihl    ' [   Ql0yzhF|>xlÞ>ª®·lbä²Aw8lbªyzhFlbyzhFl´p8ua0ÊV|}6âëu·°Æâzu]|}y|A{-|}ayzhQy|}lb*Qyl-x
QyÌyzhFliâãKw·lb¸6gihFl-xl´|}y|A{-|}xFxQªªw%{-|}k~ylqxhF|}zyl-xzyë°±Qyzh~|}yl-x²lby«³´l-lbm6|>Þxé
²}xl-m|}8xlbyÞ|Q­!lH°«}xxzª>Fl-mªªÑ1{-|>xzyx¸ÌQyzh$xl-{bÏ¶l-~²Awmp8uaÞÊ¦ÉË|}0âzu·°ÆâzuÍxyzhAFx






















































Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	
 äÅbÄ0Ã}Â Ú Ô>Ô
 k$Qª$yzhQy{-|}FxzlbxyzhFl8|1­YQªªlkm|Alä|}ªw¼{-|}M}xxzª>M1KQzdl%Qkm|}Ay
|Q­!yzhFlxzQl{Q}{bªy«w1y|ßiàÞ<yz*PÓ${>¸ÞuAªF{-lyzhFlß´àÞ<yz*PÓ${xÞ{-|}k~lbylbªw~|}yl-{byl-






|}ªwÎ|d}µ©QºQkm|}Ay8|Q­´ß´àÞ yzhQy8{-|}xzz®aª®dl%yzhFloQzyz{bKQ]­±Qªªl>¸ £ l%yzhAFx
lH¶FFlV¬Ä±Ã Ã}¾ªÃ '}¿ºÄËÂdÈAÅzÃëÝ  }Â $ÅbÄÆÅbÂHéW{Qªl-
W
³qªyzh

























































































Ê|}yzhxl}x|}V³´l8ªF{bªFlªÎ|}|}²lbk yzhFl{-|}F{-lby|Q­Þ         ' . f¡ !Þ¸â«V|}
x{*hFlbkmlq­Y|}WQª|A{QyzªoßiàÞ<²QFI³qIyzháQkm|}oQªyzhFl|}>{Q{-|}Fl-{byz|}FxåéA³´l{-|}FxªFlH
y«³´|©IÏ¯!lblbAy1­±QªzFl-xx1|}ª{bl-x¸<gihFl¥¶Fxzy1|}ª{bw<x~{Qªl--        P   )







y|å³iQxyzhFlqxl-{-|}F1|}ª{bwol-xlbAyl-Té·{Qªl--       # -               ' . ¡ !




























Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	

























































k$wä{*hQdliIzª]yzhFl´lHæI|}*Qyz|}~|Q­FyzhFl´x|}ªyz|}1x}{-l>Ò}yzhxÌlbQ²l-xoÈ }ÅHÂ*Ú   ´Ç&>Ä YÃ
|Q­!yzhFlqx*l-Q*{*h~ª$IÏ¯!lblbAyWx|}ªyz|}mlb>|}Fx¸ÌgihFlgu~Qªd|}zªyzhk5{Qm²lqxl-lb}x0Qmlb®·|}ªI°
yz|}¥|Q­¹yzhFl{bK}xx{Qª|A{Q!|}yzªk%k x|}ªyz|}áxlQ{*háQªd|}zªyzhk&{QÏl-¼uAyl-lbl-xzy Ö l-x{-lbAy
É  > ÍH¸â«yq{QM®d|}ádlbyzyzª$yz*Ql-¼ª¼|A{Q¹k~ªªk$~IFl#y|~yzhFl8gukml-{*hQxzk yzhQy
Qª|å³xªªk~ªyl-ÎlHæI{bx|}Fxqy|å³iQ*Vx|}ªyz|}FxyzhQyQlQ³´|}xl8yzhQVyzhFl{bzlbAy|}Fl>¸
gihläguákmlbyzh|·MªAyz|AIF{-l-xyzhFläFxlä|Q­0 


















Ú '$ÄÆÅ ¸ #lbFlb*QylyzhFlxlby´|Q­QªT}Ik~xxzª²lQªx´|Q­[IxYë|}ªAyWhAwIxz{Q
QyzhFxyzhQy{-|}Î²l8Fxl-¼­Ë|}l}{*hÎ|}>{QªªÑ¸Wgihxlbylbzk~ªFl-xyzhFl dÈ fÚ*Ú  #b¾ªÅ
x|}ªyz|}Fxé0l}{*h¦|Q­³qh{*h§{-|}Ay*QªFx$MQzyz{bKQmk$Qª­Y|}1l}{*h§|}>{QqªªÑ¸
Ik~xxzª²ªªªy«w¥hFlbl|}ªw¥lH­Ylbxqy|~yzhFl]¶F²lbQyzhFxq²lbªIxËz|}ªAy¸












Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	




*}¾À½ >Ä ËÃ Ã $Ã}¾À½IÄ ËÃFÚ  %Å  ' #Ã}Â aÃÃåÈ>¸ £ l$Fl-l-<y|µlb®}QªQyl¥l}{*h¤x*|}ªyz|}
ª©yzhFl~Flbª>hA²|}zhF|A|a<QF©{*ÑµyzhFl~²l-xzyä|}Fl>¸pªwµyzhFlmx|}ªyz|}FxdlbFlb*Qyl-º²Aw






















Ú   WÇ >Ä ËÃ ©xzylb¹¸ºÊ|}1lHæFQk~l>éÞ³´l
{QÐxlbl-{byäáIÏ¯TlblbAyAk%²lbä|Q­´|}>{QÞªªÑIxäQyl}{*hºªylb*Qyz|}¹é[³qh{*hº³qªªkm|å®·l1
*QIªw~y|äQF|}yzhFlb0lb>|}¥|Q­!yzhFlx*|}ªyz|}xz}{-l>¸ £ lQªwVÈ }ÅHÂ*Ú   ´Ç&dÄ ËÃo|}ªwo³qhFlb¥
{-lbzy*QªáAk%²lbi|Q­xzF{-{-l-xxª®dlªylb*Qyz|}Fx´­YQªy|äwalbªk~|å®dlbkmlbAy¸0âÆ¥|}ixzªk%KQyz|}Fx
yzhxAk%²lbäxäxlbyy|Î>IÒ6³qhFlbºyhxAk%²lbäx8l}{*hFl-Ð³´l~²ª<áFlb³ x|}ªyz|}Ð²Aw




































































Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	














































































































































































ÊQª$¨FlbFlºÉ £ Ê6¨8Íä²I¯Tlb¸ÐgqhFlá|}zª>ªQ²I¯!lb~x~Qª³iwIxVÉ ®aªzyzQªªwÍoxlbz®·l-§Qy1yzhFl
|}zª>ªQ!*Qyl
Cl
³qhFlbl}xiyzhFl £ Ê6¨ ²I¯Tlb´xixlbz®dl-áQy´yzhFllQ!*Qyl]|Q­[yzhFlªªÑ!¸ £ hFlb
yzhFl²QFI³qIyzh|Q­yzhFlªªÑ¼xl AQ[y|
Cl





Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	
































































 LM \,%5"'@ ,&U,=9$%RS>$=$.	RS@6r'Ue>,=65$& 69:66,. g9:b 
Bl
$& 

































































Ú]ÙdÇ  #Ã Å8ÙÈ YÈ>Ä zÁ´ÛëÃ QÅHÂHÛ %	










fiber: (16w,200Mbps) fiber: (16w,50Mbps)
logical link: (150Mbps)fiber: (16w,120Mbps)
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Throughput in no failure mode (Mbps)































Throughput in no failure mode (Mbps)














































Average end-to-end delay in no failure mode (ms)
FP Poisson traffic between each pair of routers

































Average end-to-end delay in no failure mode (ms)
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Loss rate in no failure mode (%)





























Loss rate in no failure mode (%)
BEP Poisson traffic between each pair of routers
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(k, h) ∈ C
¸ ¹lby
R = [rkhst ]
²l0yzhFl
x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(i, j) ∈ E0
xä{b|>xx*l-©²Aw
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(s, t) ∈ E1
QF
0|}yzhFlbz³qxl>¸ ¹lby
αstij(BEP ) ≥ 0
QF































σstij (m,n) ∈ {0, 1}
é
δstij (m,n) ∈ {0, 1}
QF















































τ stij (m,n) ≥ 0
l-x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(i, j) ∈ E0
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(αstsj(BEP ) + β
st











































































ji ≤ 1 ∀(i, j) ∈ E







αstij(BEP ) ≤ Bw
st
ij ∀(i, j) ∈ E






βstij (BEP ) ≤ Bb
st
ij ∀(i, j) ∈ E







(i, j) ∈ E0
QFÎQAw


































αstij(BEP ) ≤ ε
stcfij ∀(s, t) ∈ E
1 ÉëÔdÍ
βstij (BEP ) ≤ (1− ε













































ji) ≤ nij ∀(i, j) ∈ E
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ij(BEP ) + α
st
ji(BEP ) ≤ c
f
ij
∀(i, j) ∈ E0 : i < j, ∀(s, t) ∈ E1
ÉëÔdÍ





∀(i, j) ∈ E0 : i < j, ∀(s, t) ∈ E1
ÉëÔ>Í
βstij (BEP ) + β
st
ji (BEP ) ≤ c
f
ij










fst(FP ) + f stS0(BEP ) ≤ c
l
st ∀(i, j) ∈ E
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∀(i, j), (m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉY>dÍ
νstij (m,n) ≤ Bb
st
ij
∀(i, j), (m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉYIÔåÍ
νstij (m,n) ≥ f











νstij (m,n) ≤ f
st(FP )








































∀(i, j), (m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉY>dÍ








































∀(i, j), (m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉYdÍ
σstij (m,n) ≤ w
st
ij
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∀(i, j) ∈ E0, ∀(m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉdÍ











































































∀(k, h) ∈ C, ∀Smn ∈ S \ S0
É >Í
τ stij (m,n) ≤ B(σ
st
ij (m,n) + ν
st
ij (m,n) + δ
st
ij (m,n))



















∀i ∈ V, ∀(m,n) ∈ E0 : m < n, ∀(s, t) ∈ E1
ÉdÍ

























(τ stij (m,n) + τ
st








(νstij (m,n) + ν
st
ji (m,n)))∀(i, j), (m,n) ∈ E
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